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Description 

[0001] The present invention relates to nutritional and therapeutic improvements in calcium supplements containing 
vitamin D. These supplements are useful for increasing bone growth and treating age-related bone loss. They can be 
5 used In conjunction with foods and beverages or taken as an oral solid or liquid supplement, useful in methods of 
building bone or treating bone loss in osteoporotic patients, post-men opausal women and/or elderly men. 

BACKGROUND OF THE INVENTION 

10 [0002] Vitamin and mineral supplements for human andveterinary use are commonplace. Some diets, heavy physical 
exercise and disease conditions may require the Intake of considerable quantities of minerals and vitamins apart from 
those generally obtained through what otherwise would be considered a nomnal diet. Calcium and vitamin supplemen- 
tation is important primarily for those who have inadequate diets, including growing children. Older adults have an 
additional need for calcium to help prevent the bone loss which occurs as a nomiai consequence of the aging process. 
In particular, postmenopausal women need additional calcium due to homnonal changes which can accelerate the bone 
loss rate leading to a further diminishment in bone mass. 

[0003] There are well-recognized problems associated with adding both calcium and vitamin D to foods and bever- 
ages. Some of these are taste; calcium tends to be chalky in flavor. In addition, the solubility of many calcium sources 
prevents them from being added to many beverages. Interactions of calcium with the food or beverage affect the 
20 stability and/or the bioavailabilty of the product. This invention provides a means for making such product. 

[0004] This invention also relates to methods of building bone in humans and other animals, i.e., for the treatment 
of age-related bone loss and related disorders. In particular, this invention relates to such methods of treatment by 
administration of calcium, citrate and malate ions and vitamin D. 

[0005] Calcium is the fifth most abundant element in the human body. It plays an important role in many physiological 
25 processes, Including nerve and muscle functions. Not surprisingly, nutritional and metabolic deficiencies of calcium 

can have broad-ranging adverse effects. Since about 98% to 99% of the body's calcium Is found in bone tissues, many 
of these adverse effects are manifested through deficiencies in the structure, function and integrity of the skeletal 
system. 

[0006] The most common metabolic bone disorder is osteoporosis. Osteoporosis can be generally defined as the 

30 reduction in the quantity of bone, either from the reduction in bone formation or the acceleration of bone resorption, in 
either event the result is a decrease in the amount of skeletal tissue and resultant bone fractures. In general, there are 
two types of osteoporosis: primary and secondary. "Secondary osteoporosis" is the result of an identifiable disease 
process or agent. However, approximately 90% of all osteoporosis cases are idiopathic "primary osteoporosis". Such 
primary osteoporosis includes postmenopausal osteoporosis, age-associated osteoporosis (affecting a majority of in- 

35 divlduals over the age of 70 to 80), and idiopathic osteoporosis affecting middle-aged and younger men and women. 
[0007] For some osteoporotic individuals the loss of bone tissue is sufficiently great so as to cause mechanical failure 
of the bone structure. Bone fractures often occur, for example, in the wrist, hip and spine of women suffering from 
postmenopausal osteoporosis. Kyphosis (abnomially increased curvature of the thoracic spine) may also result. 
[0008] The mechanism of bone loss in osteoporotics is believed to Involve an Imbalance In the process of "bone 

40 remodeling". Bone remodeling occurs throughout life, renewing the skeleton and maintaining the strength of bone. Two 
reactions are involved, bone loss or resorption and bone growth or accretion. This remodeling occurs in a series of 
discrete pockets of activity in the bone. These pockets are lined with two different cell types called "osteoclasts" and 
"osteoblasts". Osteoclasts (bone dissolving or resorbing cells) are responsible for the resorption of a portion of bone 
within the bone matrix, during the resorption process. After resorption, the osteoclasts are followed by the appearance 

45 of osteoblasts (bone forming cells), which then refill the resorbed portion with new bone. 

[0009] In young healthy adults, the rate at which the osteoclasts and osteoblasts are fomied maintains a balance of 
bone resorption and bone fomiatlon. However, as a normal consequence of aging an imbalance in this remodeling 
process develops, resulting In loss of bone at a rate faster than the accretion of bone. As Imbalance continues over 
time the reduction in bone mass and thus bone strength leads to fractures. 

50 [0010] Many compositions and methods are described in the medical literature for the "treatment" of osteoporosis. 
See, for example, R. C. Haynes. Jr. et al., "Agents affecting Calcification", The Pharmacological Basis of Therapeutics . 
7th Edition (A. G. Oilman, L. S. Goodman et al., Editors, 1985); and G. D. Whedon et al., "An Analysis of Current 
Concepts and Research Interest in Osteoporosis", Cun-ent Advances in Skeletogenesis (A. Ornoyet al., Editors, 1985). 
Estrogen is often used to affect the metabolism of calcium by Influencing the osteoblast cells. Treatments using fluoride 

55 have also been described. However, the utility of such agents may be limited, because of possible adverse side effects. 
See W. A. Peck, et al., Physician's Resource Manual on Osteoporosis (1987), published by the National Osteoporosis 
Foundation. 

[0011] Nutritional therapies for osteoporosis have also been proposed. Many calcium-containing compounds and 
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vitamins compositions liave been described for use as nutritional supplements. Many commercial preparations are 
also available, typically containing calcium carbonate or calcium phosphate. Other calcium salts have also been de- 
scribed for use in calcium supplements, including calcium lactate, calcium citrate and calcium gluconate. 
[001 2] US 3,949,098 issued Bangert (assigned Nabisco, 1 976) describes a nutritious orange drink concentrate that 
5 contains whey protein. The patent suggests the addition of minor amounts of vitamins, including vitamin D, and other 
nutrients which include various minerals, such as calcium salts. 

[0013] US 4,497,800 issued to Larsen et al (assigned Mead Johnson & Company, 1985) describes a nutritionally 
complete ready-to-use liquid diet for providing total patient nourishment. The diet contains free amino acids and small 
peptides, a carbohydrate source, and nutritionally significant amounts of all essential vitamins and minerals, and sta- 

10 bilizers. Most of these minerals are given as the gluconate salt. Cholecalclferol (D3) is included. 

[0014] "Effects of calcium carbonate in hydroxyapatite on zinc and iron retention in postmenopausal women", Daw- 
son-Hughes, Seligson and Hughes, American Journal of Clinical Nutrition. 44, 83-88 (1986) describes the effect of 
calcium carbonate on whole-body retention of zinc and iron in thirteen healthy post menopausal women. The test meal, 
including both dry food and a fomnulated beverage, included iron, calcium, copper and zinc at a levet of one-third the 

15 usual dally requirement. These are levels nomrially found in human diets. 

[0015] US 3,992,555 issued to Kovacs (assigned Vitamins, Inc., 1976) describes food supplements prepared by 
mixing assimilable Iron compounds, vitamins and minerals with a heated edible fat carrier Calcium and vitamin D are 
among the minerals in the supplement. 

[001 6] US 3.950,547 issued to Lamar et al (assigned Syntex inc. 1 976) describes a dietary composition containing 
20 peptides and/or amino acids, lipids and carbohydrates in an aqueous emulsion. Vitamins, including D, are added. 
Calcium citrate is also used. 

[0017] US 4,070,488 issued to Davis (unassigned, 1978) discloses a highly stabilized balanced nutritive composition 
useful In supplementing the diet of humans and/or animals. This composition contains gelatin. The patent discloses 
that the sulfhydryl groups of the gelatin can render copper inactive toward ascorisic acid. 

25 [0018] US 4,21 4,996 Issued to Buddemeyer et al (R.G.B. Laboratories, 1 980) discloses mineral compositions which 
are very soluble. These compositions contain calcium, other minerals and vitamins. 
[0019] US 4,351 ,735 to Buddemeyer et al (R.G.B. Laboratories, 1982) is related to the '996 patenL 
[0020] "Nutrients and Nutrition of Citrus Fruits," Citrus Nutrition and Quality . Ting, (American Chemical Society, 1 980) 
discloses the presence of certain trace minerals in orange juice. Calcium and magnesium are the two major divalent 

30 cations in orange juice. The levels of all the minerals are low. No vitamin D has been reported in citrus juices. 

[0021] Milk contains solubilized calcium and is often fortified with vitamin D. Milk's calcium is about 50% calcium 
citrate and 50% caelum phosphoprotein complexes. 

[0022] The utility of these known supplements varies. Unlike agents (such as estrogen) which affect the metabolism 
of bone, calcium nutritional supplements have been thought to merely provide a source for calcium (which may or may 
35 not be properly absoriaed and metabolized). See, for example, B. Rlls et al., "Does Calcium Supplementation Prevent 
Postmenopausal Bone Loss?," New England J. of Medicine, 316 , 173-177 (1987); L. Nilas et al., "Calcium Supple- 
mentation and Postmenopausal Bone Loss," British Medical Journal, 289. 1103-1106 (1984); and H. Spencer et al., 
"NIH Concensus Conference: Osteoporosis," Journal of Nutrition . 116 , 316 -319 (1986). 

[0023] It has now been discovered, however, that the administration of mixtures of certain calcium salts, I.e. calcium 
40 citrate and malate, and vitamin D are effective for delaying age-related loss of bone. In particular, as compared to 
nutritional regimens known in the art, these methods afford greater efficacy in the treatment of age-related bone loss 
and related disorders. 

[0024] It would be desirable, therefore, to have mixed calcium and vitamin D therapies which are compatible and 
nutritionally available. It would also be quite useful to have such supplements which could be added to food and bev- 
45 erage compositions without undesirably affecting organoleptic or aesthetic properties. 

[0025] It is an object of the present invention to provide calcium mineral supplements which, when combined with 
vitamin D, provide bone growth and can be used to treat age-related bone loss or to correct the imbalance that occurs 
between bone fomnation and bone resorption. 

[0026] It is a further object of this invention to provide foodstuffs, beverages and beverage concentrates which are 
50 supplemented with calcium and vitamin D therapies. 

[0027] These and other objects are readily apparent from the description herein. 

SUMMARY OF THE INVENTION 

55 [0028] The supplements employ specific calcium salts of mixtures of citric and malic acids combined with vitamin D. 
Estrogen can be used In conjunction with any of these therapies. These supplements can be added to foods and 
beverages. 

[0029] The present invention provides compositions for use in methods for building bone In a human or other animal 
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subject, comprising administering to said subject a safe and effective amount of vitamin D and calcium citrate malate. 
The calcium citrate malate comprises a complex or a mixture of calcium salts having a ratio of moles of calcium to 
moles of citrate to moles malate of from 2:1 :1 to 8:2:1 . The combination is preferably administered in foods/beverage 
application or in a solid dosage form, I.e. a tablet. 
5 [0030] It also Includes dry beverage mixes and other beverages or beverage syrups. A typical beverage comprises 
from 0.06% to 0.15% calcium, citric and malic acids wherein the molar weight ratio of calcium to citric to malic acids 
Is preferably from 4:2:3 to 6:2:3, from 0.25 to 25 micrograms of vitamin D, depending on the vitamin D source, per 
serving and flavor and sweetener 

[0031] All ratios, proportions and percentages herein are by weight, unless otherwise specified. All weights of calcium 
10 are on an elemental basis unless othenvlse specified. 

DETAILED DESCRIPTION OF THE INVENTION 

[0032] The present invention relates to stable calcium and vitamin D supplements and supplemented foods and 
15 beverages including dry beverage mixes and to a method of building bone. 

[0033] As used herein, the tenn '^comprising" means various components can be conjointly employed in the calcium 
and vitamin D supplements, foods and beverages of the present invention. Accordingly, the temns "consisting essentially 
of" and "consisting of" are embodied In the lerrw comprising. 

[0034] By "nutritional" or "nutritionally-supplemental amount" herein is meant that the mineral and vitamin sources 

20 used in the practice of this invention provide a nourishing amount of vitamin D and calcium. This is supplemental or in 
addition to the amount found in the average diet. This supplemental amount will comprise at least 25% of the Recom- 
mended Dietary Allowance (RDA) of the daily intake of calcium and vitamin D. Preferably, at least 50% of the Recom- 
mended Dietary Allowance (RDA) will be provided. The RDA for vitamin and minerals is as defined In The United States 
of America (see Recommended Daily Dietary Allowance- Food and Nutrition Board, National Academy of Sciences-Na- 

25 tlonal Research Council). 

[0035] Specific compounds and compositions to be used in these processes must, accordingly, be phannaceutically 
acceptable. As used herein, a "phannaceutically acceptable" component is one that is suitable for use with humans 
and/or animals without undue adverse side effects (such as toxicity, irritation, and allergic response) commensurate 
with a reasonable benefit/risk ratio. Further, as used herein, the term "safe and effective amount" refers to the quantity 

30 of a component which is sufficient to yield a desired therapeutic response without undue adverse side effects (such 
as toxicity, irritation, or allergic response) commensurate with a reasonable benefit/risk ratio when used In the manner 
of this invention. The specific "safe and effective amount" will vary with such factors as the particular condition being 
treated, the physical condition of the patient, the duration of the treatment, the nature of concurrent therapy (if any), 
and the specific fomnulations employed. 

35 [0036] As used herein, the temii "flavors" includes both fruit and botanical flavors. 

[0037] As used herein the term "sweeteners" includes sugars, for example, glucose, sucrose, and fructose. Sugars 
also include high fructose corn syrup solids, invert sugar, sugar alcohols, including sorisitol, and mixtures thereof. 
Artificial sweeteners are also included In the temn sweetener. 

4a Vitamin D 

[0038] Vitamin D includes vitamin D, cholecalciferol (D3), ergocalciferol (D^) and its biologically active metabolites 
and precursors such as, la, 25-(OH)2 vitamin D; 25 OH vitamin D, Its biological precursor; and 1a hydroxy vitamin D, 
and analogues of the dihydroxy compound. These materials promote intestinal absorption of calcium, contribute to 
45 plasma calcium regulation by acting on the remodeling processes of accretion and resorption and stimulate reabsorp- 
tion of calcium by the kidney 

[0039] Biological active vitamin D metabolites and precursors like those defined above possess more biopotency 
than vitamin D2 or D3. Thus, the amount required to be safe, effective and nourishing is less and will generally comprise 
from 0.25 to 1 5.0 micrograms per serving or unit dose. Vitamin D3 and D2 is preferably present at 0.6 to 25 micrograms. 

50 

Estrogen 

[0040] Estrogen therapy can be used along with any of these regimens. The method herein also comprises coad- 
ministering from 0.3 mg to 6 mg of estrogen along with the calcium and vitamin D, and/or calcium and vitamin D along 
55 with calcitonin or editronate (or diphosphonates). Preferably 0.625 mg to 1 .25 mg of estrogen is taken daily. Any viable 
estrogen honnone replacement can be used. 



4 



EP 0 583 378 B1 



Calcium Component 

[0041] In supplements of the type disclosed herein, the nutritionally supplemental amount for calcium will generally 
comprise more than 50% of the RDA and preferably 80% to 1 00% RDA per unit portion of the finished supplement. Of 

5 course, It is recognized that the preferred daily intake of any mineral may vary with the user. 

[0042J In general, the RDA (calcium) will range from 360 mg per 6 Kg (body weight) for Infants to 800 mg/54-58 Kg 
female, depending somewhat on age. Moreover, it can be difficult to supplement beverages with more than 20-30% 
RDA of calcium (based per serving) without encountering precipitation and/or organoleptic problems. However, this 
level of supplementation is equivalent to cow's milk in calcium value, and is therefore acceptable. 

10 [0043] It Is essential to this supplementation that the calcium salts be soluble. This solubilization aids In making the 
calcium more readily bioavailable. It is equally important that both the calcium and vitamin D be bioavailable. To add 
this the ingredients should be sotubilized and absorbed by the stomach and or intestine. Any excipients used should 
disintegrate easily so that the calcium and vitamin D are released. The choice of calcium salts and vitamin D depends 
upon the interaction of the salts in acid (stomach pH) solutions or basic (intestinal pH) solutions. 

15 [0044] Solubility also plays an important role in the preparation of foods and beverages containing these supple- 
ments. 

Calcium Citrate Malate Compositions: 

20 [0045] The methods of this invention involve administration of a mixture of calcium salts, herein "calcium citrate 
malate," comprising calcium salts of citric acid and malic acid. The calcium citrate malate may consist of a mixture of 
calcium citrate and calcium malate, a complex of calcium containing citrate and malate ligands, a mixture of a calcium 
salt with citric acid and malic acid, or combinations thereof. Mixtures of a calcium salts and citric and malic acids may 
be used to fomn calcium citrate malate in situ , the beverage. Preferred are calcium citrate malate mixtures made by 

25 adding calcium carbonate, calcium hydroxide or other suitable source to a mixture of citric and malic acids. 

[0046] The molar ratio of citrate in the salt is 1 to 3 and the molar ratio of malate from 1 to 5. The molar ratio of 
calcium is from 2 to 8. The ratio of total moles calcium:total moles citrateitotal moles of malate Is from 2:1 :1 to 8:2:1 , 
preferably from 4:2:3 to 6:3:4. The calcium citrate malate may contain other acid anions in addition to citrate and malate. 
Such anions may include, for example, carbonate, hydroxide, phosphate and mixtures thereof depending on the calcium 

30 source. 

[0047] Preferably, the calcium citrate malate is neutral, comprised entirely of citrate and malate anions. Thus, pref- 
erably, the equivalents of calcium (2 x moles calcium) is about equal to the total number of equivalents of citrate (3 x 
moles citrate) plus malate (2 x moles malate). A preferred calcium citrate malate has a calcium :citrate:malate molar 
composition of 6:2:3 and 4:2:3. 

35 [0048] The calcium citrate malate used in the methods of this invention may be provided in solid or liquid forms. 
Calcium citrate malate for use in solid fomis may be made, for example, by first dissolving citric acid and malic acid, 
in the desired molar ratio, in water. Calcium carbonate may then be added to the solution, in such amount that the ratio 
of moles calcium to moles citrate and moles malate is as desired. Carbon dioxide will be evolved. The solution may 
then be dried (as by freeze drying or oven drying at temperatures below 100*C) to obtain the calcium citrate malate. 

^0 Methods for making calcium citrate malate are described in the following documents: Japanese Patent Specification 
SHO 56-97248, Kawai, published August 5. 1981; and in U. S. 4,722,847 issued to Heckert (1988). Co-pending ap- 
plication of Fox et al, Serial Number 07/537.31 3 filed June 1 4, 1 990 (equivalent disclosure PCT/US9 1/03779 published 
26 December 1991); Japanese Patent Specification SHO 56-97248, Kawai, published August 5, 1981; and in U.S. 
4,722,847 issued to Heckert (1988). 

45 [0049] Calcium carbonate can be used as the calcium source for making the calcium citrate malate. Other sources 
include calcium oxide and calcium hydroxide. Calcium chloride, calcium phosphate and calcium sulphate can be used, 
but they are not pretended since the anions make an acid solution, i.e. hydrochloric acid, sulfuric and phosphoric acid, 
respectively, which can adversely affect the flavor of beverages and foods containing the calcium citrate malate. 
[0050] A solid forms during the mixing of the calcium oxide or calcium hydroxide with the citric and malic acid. When 

50 these materials are used, it is necessary to mix the solution until all of the calcium appears to have dissolved. The 
calcium citrate malate ligand will precipitate when its solubility is exceeded. 

[0051 ] The pref en-ed method of preparation is to prepare a highly concentrated solution of the calcium citrate malate 
which quickly and efficiently forces metastable calcium citrate malate out of solution. Concentrations of from 20% to 
75% are preferred. Preferably the concentration is from 40% to 65%. 
55 [0052] The reaction temperature can be ambient (20^*0) or higher. Preferably the temperature of the reaction is in 
the range of 30^0 to 80'*C. Most preferably It is from 40^0 to eo^C. 
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Flavor Component 

[0053] The flavor component of the present invention contains flavors selected from natural flavors, botanical flavors 
and mixtures thereof. The term "fruit flavors" refers to those flavors derived from the edible reproductive part of a seed 
5 plant, especially one having a sweet pulp associated with the seed. Also included within the term "fruit flavor" are 
synthetically prepared flavors made to simulate fruit flavors derived from natural sources. 

[0054] The term "botanical flavor" refers to flavors derived from parts of a plant other than the fruit; Le. derived from 
bean, nuts, bark, roots and leaves. Also Included within the terni "botanical flavor" are synthetically prepared flavors 
made to simulate botanical flavors derived from natural sources. Examples of such flavors include cocoa, chocolate, 
10 vanilla, coffee, kola, tea, and the like. Botanical flavors can be derived from natural sources such as essential oils and 
extracts, or can be synthetically prepared. 

[0055] The particular amount of the flavor component effective for imparting flavor characteristics to the supplements 
and food or beverage mixes of the present invention ("flavor enhancing") can depend upon the flavor(s) selected, the 
flavor impression desired, and the fonn of the flavor component. The flavor component can comprise at least 0.05% 
15 by weight of the beverage composition and preferably from 0.05% to about 10%. The amount of flavor added to the 
food, beverage or supplement is within the skill of one in the art and depends on the flavor Intensity desired. 
[0056] For chocolate or cocoa, the amount of flavor added is from 0.05% to 20%. Lower levels of artificial or synthetic 
chocolate flavors are used than for cocoa Itself. 

[0057] Beverages can be flavored with fruit or other botanical flavors, e.g., vanilla, strawberry, cherry, pineapple, 

20 banana, and mixtures thereof. 

[0058] The calcium, citric and malic acids can be added with the vitamin D to a 1 00% fruit juice or a diluted fruit juice. 
The sugars present in the juice are useful sweeteners, and the juice can be the flavor component. Such beverages 
can contain from 5% to 1 00% juice. Preferably dilute juice beverages will have from 1 0% to 40% juice. Preferred juices 
for 100% juice products or diluted products are orange, cranberry, apple, pear, grape, raspberry, lemon, grapefruit, 

25 pineapple, banana, blackberry, blueberry and passion fruit juices and mixtures thereof. 

Sweetener Component 

[0059] The sweetener composition is usually a monosaccharide or a disaccharide. These include sucrose, fructose, 
30 dextrose, maltose and lactose, but other carisohydrates can be used if less sweetness is desired. Mixtures of sugars 
can be used also. 

[0060] Other natural or artificial sweeteners can be used. These Include saccharin, cyclamates, acetosulfam, L- 
aspartyl-L-phenylalanlne lower alkyi ester sweeteners (e.g. aspartame), L-aspartyl-D-alanlne amides disclosed in U. 
S. Patent 4,411 ,925 to Brennan et al., issued October 23, 1983, L-aspartyl-D-serine amides disclosed in U.S. Patent 

35 4,399, 1 63 at Brennan et al.. issued August 1 6, 1 983, L-aspartyl-L-1 -hydroxymethyl- alkaneamlde sweeteners disclosed 
in U.S. Patent 4,338,346 to Brand, issued December 21, 1982, L-asparty 1-1- hydroxy ethy I -alkaneamide sweeteners 
disclosed in U.S. Patent 4,423,029 to Rizzi, issued December 27, 1983, L-aspartyl-D-phenylglycine ester and amide 
sweeteners disclosed in European Patent Application 168,112 to J. M. Janusz, published January 15, 1986, and the 
like. A particularly preferred sweetener Is aspartame. 

40 [0061 ] The amount of the sweetener effective in the food, beverage, mixes or supplements of the Invention depends 
upon the particular sweetener used and the sweetness Intensity desired. For noncaloric sweeteners, the amount varies 
depending upon the sweetness intensity of the particular sweetener (from 0.5% to 2%). For sucrose, this amount can 
be from 10% to 85% (typically from 55% to 70%) by weight. In detennlning the amount of sugar, any sugar or other 
sweetener present in the flavor component or juice is also included. Low-calorie sweetener combinations containing 

45 a noncaloric sweetener such as aspartame and a sugar, such as corn syrup solids, or sugar alcohols can also be used 
in beverage mixes. In general, the amount of sweetener will be from 0.5% to about 85%. 

Other Ingredients 

50 [0062] Other minor ingredients are frequently included in supplements, foods and beverages. Such Ingredients in- 
clude preservatives such as benzoic acid and salts thereof, sulfur dioxide, butylated hydroxyanisole, butylated hydrox- 
ytoluene,;etc. Also, typically Included are colors derived either from natural sources or synthetically prepared. 
[0063] Salt, e.g. sodium chloride, and other flavor enhancers can be used to Improve the flavor of the food, beverage 
or supplement. 

55 [0064] Emulsifiers can also be included. Any food grade emulsifier can be used. Lecithin is a preferred emulsifier. 
Other edible emulsifiers Include mono- and diglycerides of long chain fatty acids, preferably saturated fatty acids, and 
most preferably, stearic and palmitic acid mono- and diglycerides. Propylene glycol esters are also useful in beverage 
mixes. 
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[0065] Fats or oils can also be added to supplements or foods to make them more palatable. Since vitamin D is fat 
soluble, minor amounts of fat can be used to solublize the vitamin D. Dry milk solids can also be included to make a 
dry, synthetic, flavored milk or chocolate milk type beverage. 

s pH and Other Beverage Ingredients 

[0066] The pH of the beverages and beverage concentrates of the present invention is dependent upon the weight 
ratios of the acids, the total amount of acids and the sourness impression desired. Typically, the pH can range from 
2.5 to 6.5. Prefered carbonated beverages have a pH of from 3.0 to 4.5. 
10 [0067] Other minor beverage ingredients are frequently included in beverages and concentrates. Also, typically In- 
cluded are colors derived either from natural sources or synthetically prepared. See L. F, Green, Developments in Soft 
Drinks Technology . Vol. 1 (Applied Science Publishers Ltd. 1978), pp. 185-186 for presen/atlves and colors used In 
beverages. 

^5 Beverage Preparation 

[0068] The beverages and concentrates of the present invention can be prepared by standard beverage fomnulation 
techniques. It should be understood, however, that carbonated beverage making techniques, when appropriately mod- 
ified, are also applicable to noncarisonated beverages. Also, while the following description is with reference to sugar 
20 containing beverages, diet beverages containing noncaloric sweeteners can also be prepared by appropriate modifi- 
cation. Beverages can Include dry beverage mixes which are made by mixing flavors, sweeteners, and other optional 
ingredients as well as fruit juices and dilute fruit juices. 

[0069] In making a sugar sweetened carbonated beverage, a beverage concentrate is usually formed containing 
from 30 to 70% by weight water. This beverage concentrate typically contains the emulsified or water-soluble flavors, 

25 emulsion stabilizing agents, and weighting agents If needed, any color desired and suitable preservatives. After the 
concentrate is formed, sugar and water are then added to make a beverage syrup. This beverage syrup is then mixed 
with an appropriate quantity of water to fomn the finished beverage. The weight ratio of waterisyrup is from 3:1 (3x 
syrup) to 5:1 (5x syrup). To make a cartDonated beverage carbon dioxide can be introduced either into the water mixed 
with the beverage syrup or into the drinkable diluted beverage to achieve carisonation. The beverage can be sealed 

30 in a containersuch as a bottle or can. See LF. Green, Developments in Soft Drinks Technology . Vol. 1 , (Applied Science 
Publishers Ltd. 1978), pp. 102-107 , for a further description of beverage making, in particularthe process for carbon- 
ation. 

[0070] The amount of cari3on dioxide In the beverage depends upon the particular flavor system used and the amount 
of carbonation desired. Usually, carbonated beverages of the present Invention contain from 1 .0 to 4.5 volumes of 

35 carbon dioxide. Preferred carbonated beverages contain from 2 to 3.5 volumes of cariDon dioxide. 

[0071] The calcium source and the acids (citric, malic, phosphoric) can be added at various points in these processes. 
The calcium source and acids are preferably added at the same point in this process, but can also be added at different 
points. Usually, the calcium source and acids are Included during preparation of the beverage concentrate or beverage 
syrup. Preferably the vitamin D Is added after the calcium and acid source have been mixed in. It can be added with 

40 the oil flavors or weighting oil. 

[0072] When making a dry beverage. It is preferred to mix a powdered calcium citrate malate powder with the sugar 
or artificial sweeteners, vitamin D and flavors. Colors and colored coated sugars can be added. Dry chocolate milk 
beverages are preferred dry beverage mixes. These can be diluted either with water or milk. Milk provides additional 
vitamin D and calcium citrate. A typical formula for chocolate mixes is: 

45 

a) from 0% to 25% milk solids, preferably from 5% to 20% non-fat milk solids; 

b) from 0.05% to 20% flavor, preferably cocoa; 

c) from 0.5 to 85% sweetener, preferably sucrose; and 

d) from 0.6% to 0.15% calcium citrate malate and from 0.60 to 30 micrograms vitamin D. 

50 

Supplement Fonns 

[0073] Solid fomns Include tablets, capsules, granules and bulk powders. Tablets may contain suitable binders, lu- 
bricants, diluents, disintegrating agents, coloring agents, flavoring agents, flow-inducing agents and melting agents. 
55 Liquid oral dosage fomns include aqueous solutions, emulsions, suspensions, solutions and/or suspensions reconsti- 
tuted from non-effervescent granules and effervescent preparations reconstituted from effervescent granules. Such 
liquid oral dosage forms may contain, for example, suitable solvents, preservatives, emulsifying agents, suspending 
agents, diluents, sweeteners, melting agents, and coloring andf lavoring agents. A preferred liquid dosage form contains 
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calcium citrate malate and vitamin D In a juice-containing beverage or other beverage. 

[0074] The calcium citrate malate and vitamin D therapy can be coadministered in one tablet, liquid, food or beverage 

or they can be administered separately A tablet or capsule containing the vitamin D and a second tablet with the 
calcium citrate malate are easy to fomnulate and to swallow. Vitamin D could also be coadministered with a calcium 

5 citrate malate containing beverage. 

[0075] Specific examples of pharmaceutlcally acceptable carriers and exclplents that may be used to fomnulate oral 
dosage fomris of the present Invention are described In U.S. Patent 3,903,297, Robert, issued September 2, 1975 
Techniques and compositions for mal<ing dosage forms useful in the methods of this invention are described in the 
following references; 7 Modern Pharmaceutics , Chapters 9 and 10 (Banker & Rhodes, Editors, 1979); Llebemrian et 

10 al., Pharmaceutical Dosage Fonns: Tablets (1981); and Ansel, Introduction to Pharmaceutical Dosage Fomis 2nd 
Edition. (1976). 

Method of Building Bone 

15 [0076] Various oral dosage forms of calcium citrate malate and vitamin D are suitable for use in methods of building 
bone. Such dosage forms comprise a safe and effective amount of calcium citrate malate, vitamin D and a phamna- 
ceutically acceptable carrier. Preferably the phannaceutically acceptable earner is present at a level of from 0.1% to 
99%, preferably from 0.1 % to 75%, by weight of the composition. Unit dosage forms (i.e., dosage forms containing an 
amount of calcium citrate malate suitable for administration in one single dose, according to sound medical practice) 

20 preferably contain from 1 00 mg to 1 000 mg, preferably from 1 00 mg to 500 mg, more preferably from 200 mg to 300 
mg of calcium (on an elemental basis). 

[0077] Preferably, from 1 75 mg to 2000 mg of calcium (as elemental calcium) are administered to said subject, per 
day More preferably, from 250 mg to 1 500 mg most preferably from 350 mg to 1 000 mg, of calcium are administered, 
per day The specific amount of calcium citrate malate to be administered depends upon the relative percentage weight 
25 of calcium In the particular calcium citrate malate employed. 

[0078] The recommended daily allowance for vitamin D ranges from about 200 lU to 400 ID depending upon age. 
The supplements used herein have a unit dosage amount of from 25 lU to 800 lU or from 0.60 to 20 micrograms per 
serving. Up to 30 micrograms can be used. An lU of vitamin D is 0.025 micrograms. 

[0079] Specifically, the present invention provides compositions for use in a method for building bone In a human or 
30 other animal subject, comprising administering to said subject a safe and effective amount of calcium citrate malate 
and vitamin D for a period of time sufficient to achieve an increase in the net slceletal mass of said subject. As used 
herein, "building bone" refers to a decrease in the net skeletal loss of bone of the subject treated and therefore a net 
skeletal increase In mass. The slowing of the rate of bone loss and the increase In growth rate occur simultaneously 
so the net bone density may stay the same. The increase in mass may be at any skeletal site. Including spine, hip, 
35 long bones of amis or legs or in the skeleton as whole. Preferably the net skeletal mass is increased by at least about 
0.1 %, more preferably at least about 1 %. 

[0080] The loss of bone is cumulative over a long period of time. Typically, lifetime loss in bone mass is about 35% 
in males and 50% In females. Thus, even though a net skeletal Increase of as little as 0.5% in one year Is not particularly 
critical, over 1 0 years this results in 5% more bone mass than would be present if bone loss continued at its usual rate. 
40 [0081] "Administering" refers to any method which, in sound medical practice, delivers the vitamin D and calcium 
citrate malate used In this invention to the subject to be treated In such a manner so as to be effective in the building 
of bone. 

[0082] The specific period of time sufficient to achieve an Increase In the net skeletal mass of the subject may depend 
on a variety of factors. Such factors include, for example, the specific mineral formulation employed, the amount of 
45 minerals administered, the age and sex of the subject, the specific disorder to be treated, concomitant therapies em- 
ployed (if any), the general physical health of the subject (including the presence of other disorders), the extent of bone 
loss in the Individual, and the nutritional habits of the individual. Although the administration of even small quantities 
of calcium citrate malate and vitamin D may build bone, the net Increase In bone mass may not be detectable for short 
periods of administration. 

50 [0083] For the treatment of age-related bone loss, the calcium citrate malate and vitamin D are administered for at 
least about six months, preferably for at least about twelve months. Of course, such administration may be continued 
indefinitely according to sound medical practice. 

[0084] The compositions of this Invention may be employed In the treatment of any of a variety of disorders in which 
the building of bone Is desired. Thus, preferably, the human or other animal "subject" is in need of a method for building 
55 bone, i.e., the subject has a disorder for which building of bone or decrease in rate of bone resorption would be ad- 
vantageous according to sound medical practice. Such disorders include, for example, bone fractures, reduced mass 
and disorders typified by bone loss, such as age-related bone loss and osteoporosis (both primary and secondary 
forms). 
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[0085] A preferred application of this invention is for the treatment of age-related bone loss. 
[0086] In addition to estrogen therapy, other therapies can be used along with the calcium and vitamin 0 supplements 
of this invention. Preferred therapies include the administration of calcitonin or editronate or other diphosphonates and 
aminodiphosphonates to the human subject. 

Example I 

[0087] About 240 post-menopausal women are treated by administering a composition containing calcium citrate 
malate having a molar calcium :citrate:malate composition of about 6:2:3. The calcium citrate malate is made by first 
dissolving approximately 384.2 grams of citric acid and approximately 402.3 grams of malic acid in approximately 2 
liters of water. This citrate/malate solution is then heated to approximately SS'^C (131°F), with stirring. Separately, 
approximately 600.6 grams of calcium carbonate is added to approximately 1.2 liters of water, forming a slurry, with 
stirring. 

[0088] The citrate/malate solution is then removed from its heat source, and the calcium carbonate slurry is added 
slowly, with stirring. The rate of addition is controlled, to contain the reaction as carbon dioxide Is released. An additional 
quantity of water, approximately 0.4 liters, is finally added. The reaction mixture is then stin-ed for approximately 1 to 
1 .5 hours. The reaction is essentially complete as the pH of the solution equilibrates to approximately 4.3. 
[0089] A precipitate of calcium citrate malate Is thus fonned. The excess reaction liquid is filtered off. The calcium 
citrate malate is dried, for approximately 1 2 hours at approximately 1 05°C (221 °F), reducing the moisture level to less 
than about 1 %. The dried product is then milled to approximately 1 0-20 mesh size, for a swallowable tablet formulation. 
Each tablet contains 250 mg. 

[0090] The swallowable tablet dosage form is then made, comprising: 



Component 


% (By Weight) 


Calcium citrate malate* 
Magnesium stearate 


99.73 
0.27 



^Having a molar calclum:citrate:matate composition of approximately 62:3. made as described eibove In this example. 



[0091] The tablet fonmulation is made by thoroughly admixing the powders, and tabletting using a standard tablet 
press, to fomri tablets weighing approximately 1104 milligrams. The tablets are then coated, using a pan coater. The 
coating solution contains approximately 11% hydroxypropylmethyl cellulose, approximately 2% polyethylene glycol, 
approximately 3.5% colorant, and the balance of water. 

[0092] One half of the women receive a supplement containing 400 lU of vitamin D while the other half receive a 
placebo. The vitamin D supplement and placebo contain 127 mg of calcium as calcium phosphate. All the women 
received 250 mg calcium as calcium citrate malate. 

[0093] At the beginning of the study and after one year the bone density of the spine and overall body bone density 
are measured by dual x-ray absorptiometry. 



Percent Change In Bone Density After 1 Year 




Spine 


Whole Body 


COM + Placebo 
CCM + Vitamin D 


0.15 ±0.25 
0.85 ±0.23 


-0.08 ±0.11 
0.03 ±0.12 



[0094] The change In the bone density of the spine Is statistically significant and shows a net increase In bone density. 
The whole body bone density is not significantly different. While this means there was no gain in the whole body bone 
density, it also means that the women did not lose bone density over the year which is expected in normal post- 
menopausal women not taking calcium supplements. The CCM/placebo patients also did not lose bone in the spine 
or whole body, but they did not gain bone as did those taking vitamin D. 



Claims 

1 . A mineral supplement for building bones comprising a unit dosage mixture of: 

a) from 1 00 to 1 000 mg of calcium (on an elemental basis) In the f omi calcium citrate malate; and 
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b) from 0.60 to 30 micrograms of vitamin D, preferably wherein said vitamin D is administered as its biologically 
active metabolites and precursors selected from la, 25 - (0H)2 vitamin D; 25 OH vitamin D, 1a OH vitamin 
□2 or D3, or analogues of the dihydroxy compound. 

2. A supplement according to Claim 1 comprising from 100 to 500 milligrams (on an elemental calcium basis) of 
calcium and wherein said vitamin D is at a level of from 2.5 to 25 micrograms. 

3. A supplement according to Claim 2 wherein said calcium citrate malate has a molar ratio of from 2:1 :1 to 8:2:1 , 
preferably wherein the molar ratio of calcium :citrate:malate is from 4:2:3 to 6:2:3 and wherein said vitamin D is 
administered as vitamin D, cholecalciferol or ergocalciferol. 

4. A supplement according to Claim 1 , 2 or 3 containing from 0.3 mg to 6 mg estrogen. 

5. A beverage which comprises: 

a) from 0.06% to 0.15% by weight solubilized calcium; from 0.24% to 1 .05% by weight of an acid component 
selected from mixtures of citric and malic acid; the weight ratio of moles calcium to moles of citrate to moles 
of malate being In the range of from 2:1:1 to 8:2:1 ; 

b) a flavor component In an amount effective to impart flavor characteristics to the beverage; 

c) an effective amount of a sweetener; and 

d) from 0.6 to 25 micrograms of vitamin D per serving. 

6. The beverage of Claim 4 wherein said sweetener comprises from 6% to 1 4% by weight sugar, preferably wherein 
said sugar is high fructose corn syrup. 

7. The beverage of Claim 4 wherein said sweetener comprises a non caloric sweetener. 

8. A beverage according to Claim 6 or 7 wherein said flavor is from 1 0% to 1 00% fruit juice. 

9. A beverage according to Claim 4 which is a concentrate for preparing a drinkable beverage which comprises: 

a) from 0.15% to 0,5% by weight calcium, and from 0.5% to 3.5% citric and malic acids, the weight ratio of 
calcium:citrate:malate being from 2:1 :1 to 8:1 :1 ; 

b) from 0.6 to 20 micrograms vitamin D; 

c) a flavor component which contains a flavor selected from fruit flavors, botanical flavors and mixtures thereof 
in an amount effective to impart flavor characteristics to the drinkable beverage; and 

d) from 30% to 70% by weight sugar. 

10. A beverage according to Claim 9 which comprises a dry mixture of: 

a) from 0% to 25% milk solids; 

b) from 0.05% to 20% flavor; 

c) from 0.5 to 85% sweetener; and 

d) from 0.6% to 0.15% calcium citrate malate having a ratio of calcium:citrate:maiate of from 4:2:3 to 6:2:3. 



Patentansprtiche 

1. MIneralerganzungsmittel zum Aufbau von Knochen, umfassend eine Doslerungsmischungseinheit aus: 

a) 100 bis 1000 mg Calcium (auf Basis des Elements) in Form von Cateiumcitratmalat; und 

b) 0,60 bis 30 MIkrogramm Vitamin D, wobei das Vitamin D vorzugswelse In Form seiner biologisch aktiven 
Metaboliten und Voriaufer verabreicht wird, ausgewdhlt aus 1a, 25 • (0H)2 Vitamin D; 25 OH Vitamin D, 1a 
OH Vitamin D2 Oder D3, oder Anaioga der DihydroxyveriDlndung. 

2. Erganzungsmittel nach Anspruch 1 , umfassend 100 bis 500 mg (auf Basis des Elements Catelum) Calcium, und 
wobei das Vitamin D in einer Menge von 2,5 bis 25 Mikrogramm voriiegt. 
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3. Erganzungsmittel nach Anspruch 2, wobei das Calciumcitratmalat ein Molverhaltnis von 2:1 :1 bis 8:2:1 besitzt, 
vorzugsweise ein Molverhaltnis von Calcium iCitratiMalat von 4:2:3 bis 6:2:3, und wobei das Vitamin D ais Vitamin 
D. Cholecalciferol Oder Ergocalciferol verabreicht wird. 

s 4. Erganzungsmittel nach den Anspruchen 1 , 2 oder 3, enthaltend 0,3 mg bis 6 mg Ostrogen. 

5. Getrank, umfassend: 

a) 0,06 bis 0,15 Gew.-% solubilisiertes Calcium; 0,24 bis 1 ,05 Gew.-% einer Saurekomponente, ausgewahit 
10 aus Mischungen von Citronensaure und Apfelsaure; wobei das GewlchtsverhSltnis von Mol Calcium zu Mol 

Citrat zu Mol Malat im Bereich von 2:1 :1 bis 8:2:1 liegt; 

b) eine Geschmackskomponente in einer wirksamen Menge, urn dem Getrank Geschmackseigenschaften zu 
verleihen; 

c) eine wirksame Menge eines SufBstoffes; und 
15 d) 0,6 bis 25 MIkrogramm Vitamin D pro Ansatz. 

6. Getrank nach Anspruch 4, wobei der SuQstoff 6 bis 14 Gew.-% Zucker umfasst, wobei vorzugsweise der Zucker 
ein Maisslrup mit hohem Fructosegehalt 1st. 

20 7. Getrank nach Anspruch 4, wobei der SuBstoff einen kalorlenfreien Su3stoff umfasst. 

8. Getrank nach Anspruch 6 oder 7, wobei der Geschmacksstoff 1 0 bis 1 00% Fruchtsaft ist. 

9. Getrank nach Anspruch 4, das ein Konzentrat zur IHersteiiung eines trinkbaren Getrankes Ist, umfassend: 

25 

a) 0,15 bis 0,5 Gew.-% Calcium, und 0,5 bis 3,5% Citronen- und ApfelsSure, wobei das Gewlchtsverhaltnis 
von Calcium:Citrat:Malat von 2:1:1 bis 8:1:1 relcht; 

b) 0,6 bis 20 MIkrogramm Vitamin D; 

c) eine Geschmackskomponente, die einen Geschmack enthalt, ausgewahit aus Fruchtgeschmacken, bota- 
30 nischen Geschmacken und Mischungen daraus, in einer wirksamen Menge, um dem trinkbaren Getrank Ge- 
schmackseigenschaften zu verleihen; und 

d) 30 bis 70 Gew.-% Zucker. 

10. Getrank nach Anspruch 9, das eine trockene Mischung umfasst aus: 

35 

a) 0 bis 25% Milchfeststoffen; 

b) 0,05 bis 20% Geschmacksstoff; 

c) 0,5 bis 85% Su3stoff; und 

d) 0,6 bis 0,15% Calciumcitratmalat in einem Verhditnis von Calcium:C}trat:Malat von 4:2:3 bis 6:2:3. 



Revendications 

1. Complement mineral destine k la fomiation osseuse, comprenant un melange de dosage unitaire compost de : 

45 

a) 1 00 a 1 000 mg de calcium (sur une base 6l6mentaire) sous la forme de citrate-maiate de calcium, et 

b) 0,60 k 30 microgrammes de vitamine D, de pr6f6rence ou ladite vitamine D est administr6e sous la forme 
de ses metabolites et pr6curseurs biologiquement actifs, s6iectionn6s pamii la 1a,25-{OH)2-vitamine D; la 25 
OH vitamine D, la la OH vitamine O2 ou D3, ou des analogues du compose dihydroxy. 

50 

2. Complement selon la revendication 1 , comprenant 100 k 500 mg (sur une base de calcium 6l6mentalre), de cal- 
cium, et ou la dite vitamine D est pr^sente dans une quantity comprise entre 2,5 et 25 microgrammes. 

3. Complement selon la revendication 2, dans lequel ledit citrate-maiate de calcium presente un rapport molaire entre 
55 calcium :citrate:malate comprls entre 2:1:1 et 8:2:1, de pr6f6rence dans lequel le rapport molaire entre calcium: 

citrate:maiate est compris entre 4:2:3 et 6:2:3 et dans lequel ladite vitamine D est adminlstr^e en tent que vitamine 
D, cholecalciferol ou ergocalciferol. 
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4. Complement selon la revendicatlon 1 , 2 ou 3, contenant 0,3 mg a 6 mg d'oestrogene. 

5. Boisson comprenant : 

5 a) 0,06 % ^ 0, 1 5 % en poids de calcium solubilise; 0,24 % 6 1 ,05 % en poids d'un composant acide s6lectlonne 

pamni des melanges d'acide citrique et d'acide malique ; le rapport de poids entre moles de calcium, moles 
de citrate et moles de malate 6tant comprls dans la gamme allant de 2:1 :1 & 8:2:1 ; 

b) un composant d'ardme dans une quantity efficace pour conf6rer des caract^rlstiques d'ardme k la boisson ; 

c) une quantite efficace d'un 6dulcorant ; et 

10 d) 0,6 k 25 microgrammes de vitamine D par ration. 

6. Boisson selon la revendicatlon 4, dans laquelle ledit ^dulcorant comprend 6 % ^ 14 % en poids de sucre, de 
pr^f^rence dans laquelle ledit sucre est du sirop de maTs k forte teneur en f mctose. 

IS 7. Boisson selon la revendicatlon 4, dans laquelle ledit edulcorant comprend un ^dulcorant non calorique. 

8. Boisson selon la revendicatlon 6 ou 7, dans laquelle ledit arome est compose de 10 % i 100 % de jus de fruit. 

9. Boisson selon la revendicatlon 4. qui est un concentre destine k preparer une boisson comprenant : 

20 

a) 0,1 5 % a 0,6 % en poids de calcium et 0,5 % a 3,5 % d'acides citrique et malique, le rapport de poids entre 
calcium, citrate et malate etant compris dans la gamme allant de 2:1:1 a 8:1 :1 ; 

b) 0,6 k 20 microgrammes de vitamine D ; 

c) un composant d'ardme qui contient un ardme s6lectionn6 pamni des ardmes de fruit, des ardmes botaniques 
25 et leurs melanges, dans une quantity efficace pour conf^rer des caract^ristiques d'ardmes k la boisson ; et 

d) 30 % k 70 % en poids de sucre. 

10. Boisson selon la revendicatlon 9, qui comprend un melange sec de: 

30 a) 0 % k 25 % de solides de lait ; 

b) 0,05%&20%d'ar6me; 

c) 0,5 % a 85 % d'edulcorant ; et 

d) 0,6 % k 0,15 % de citrate-malate de calcium selon un rapport entre calcium:cltrate:malate compris entre 4: 
2:3 et 6:2:3. 
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